To determine if cervical cerclage reduces the rate of spontaneous early preterm birth in cases of ultrasound detected short cervix in dichorionic/diamniotic (DC-DA) twins.
Introduction
Twins, with a prevalence of less than 2% of pregnancies, account for more than 25% of spontaneous early preterm births. 1, 2 Strategies for prevention of preterm birth include the use of vaginal progesterone, cervical pessary and cervical cerclage. Individual patient data meta-analyses (IPDMA) from randomized controlled trials (RCTs) reported that vaginal progesterone in twins with sonographic short cervix did not significantly reduce preterm birth at <33 weeks, but it reduced the risk of composite neonatal morbidity and mortality. 3, 4 The Arabin pessary has been shown to be effective in reducing early preterm birth in singleton pregnancies with short cervix and generated interest in use in twins. 5 A RCT in twins found that prophylactic use of the Arabin pessary reduced the rate of early preterm birth, but only in the subgroup with short cervix. 6 However, a large multicenter RCT on the use of the Arabin pessary in unselected twin gestations either prophylactically or with cervical lengths ≤25 mm had no effect on spontaneous birth <34 weeks and neonatal outcome. 7 An IPDMA of RCTs primarily on singletons which included 49 sets of twins, found that in twins with short cervix use of cervical cerclage may double the rate of spontaneous early preterm birth. 8 This led to recommendations in the Choosing Wisely program to warn patients against physician recommendations to perform cerclage for the short cervix in twins. 9 The IPDMA was subsequently repeated, controlling for confounders, and concluded that cerclage did not reduce the incidence of delivery at <34 weeks' gestation, and its use was associated with an increase in respiratory distress syndrome and birth weights <1500 grams. 8, 10 However, a recent retrospective cohort study reported that cerclage in This article is protected by copyright. All rights reserved.
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twins with short cervix reduced the rate of early preterm birth (57 cerclage vs. 83 expectant). 11 Our group has routinely screened twin gestations and offered cerclage for short cervix since the 1990's with encouraging results. 12 As a result, we have continued to perform cervical ultrasound screening and offered cervical cerclage for a progressively shortening cervix. The purpose of this retrospective cohort study is to determine whether cerclage in dichorionic-diamniotic (DA-DC) twins gestations with short cervix reduces spontaneous preterm birth at <32 weeks.
Materials and Methods
This is a retrospective cohort study using DC-DA twin gestations followed by serial vaginal cervical sonography in women who were asymptomatic. Excluded were monoamniotic and monochorionic-diamniotic twin gestations, major fetal defects, and women who had a placenta previa or complained of contractions or vaginal bleeding, or were found to have signs or symptoms of intra-amniotic infection. Approval was obtained from the institutional review board committees of all involved institutions. an evaluation of serum white blood cell count and differential. The patient was observed for a period of up to 48 hours before surgery if there was any concern of infection, presence of contractions and/or labor. An isolated finding of a vaginal discharge was evaluated for a definitive diagnosis and treated for at least two days. 
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Those that did not satisfy our criteria for cerclage placement during our period of preoperative evaluation were not offered the procedure. Pre-operative prophylactic antibiotics, initially Clindamycin and then Rocephin, and perioperative indomethacin were administered. The modified McDonald cervical cerclage procedures were performed by one of two authors (C.H. and E.R.G.). In the operating room a sponge stick was placed in the endocervical canal to determine the location of the membranes and the anterior lip of the cervix was grasped with the sponge stick. A Foley catheter was passed within the endocervical canal and its balloon was inflated with 30 mL of fluid to displace the membranes from the operative site and avoid inadvertent membrane puncture during suture placement. Two pieces of 0 Prolene (Ethicon, Somerville, New Jersey, USA) on a CT needle with placement begun at the first to second cervicalvaginal rugal folds at 12 o'clock. We use Prolene because 1) it is non-reactive and monofilament, and therefore could be associated with less inflammation and microbial growth within the suture in comparison to other suture materials, 2) the needles attached to this suture material are of a size that allows the operator better access to the upper areas of the vagina and cervix leading to consistent high cerclage placement.
If a cervical laceration is present the sutures had to be placed beyond the apex of the laceration with or without dissection of the cervical-vaginal mucosa. We place two sutures for added reinforcement and the second suture is placed above the first by 3 to 10 mm. Before tying the sutures it is important to perform a digital examination to identify whether the sutures had entered the endocervical canal. If this occurs the sutures will tear from within the cervix and lead to cerclage failure, and if identified the suture is removed and replaced. Second, the bladder should be catheterized and the This article is protected by copyright. All rights reserved.
Accepted Article urine allowed to drip onto a clean gauze pad and observed for evidence of hematuria signifying suture entry into the bladder. When the sutures are tied we create approximately 12 alternating knots. This was to assist in its removal when appropriate.
Post-operatively the suture knots will migrate into the cervical stroma. The multiple knots will help in guiding the scissors during cerclage removal. At the time of suture removal the scissors should be kept parallel to the knots in order to guarantee cutting the circular portion rather than the "suture tails". The patients were discharged within 24 hours of surgery without medications. Through the years, approximately 1 week after surgery, we have performed post-operative sonography to identify the height of cerclage placement. This is done to give us feedback on cerclage placement. This feedback is used to train us on placing the suture material as high as feasible and reduce interoperator variability. This information is not used to determine whether to reoperate. We are generally within 5 mm of the base of the bladder or approximately 2 cm from the external cervical os.
The controls were selected from a cohort of DC-DA twin pregnancies participating European multicenter studies of sonographic screening for preterm birth by cervical length at 19+0-24+6 weeks' gestation in one observational and two randomized interventional studies for the prevention of preterm birth. All ultrasound scans were carried out by sonographers who had received the appropriate Certificate of Accepted Article treated with cerclage for the following characteristics: cervical length and the gestational age at cervical assessment. In the first study, women underwent cervical length assessment as part of an observational study and women with cervical length <19 mm were referred to their obstetrician for expectant management but in some cases they had cervical cerclage or the administration of progesterone vaginal pessaries. 13 In the second study, women with cervical length <15 mm were randomized to vaginal progesterone or expectant management. 14 In the third study, women were randomized to the Arabin cervical pessary or expectant management. 7 The outcome measure was spontaneous preterm birth at <32 weeks' gestation.
Data on pregnancy outcome were collected from hospital maternity records or general practitioners. The obstetric records of all patients delivered at <32 weeks (<223 days) were examined to determine if the preterm birth was iatrogenic or spontaneous. The latter included those with spontaneous onset of labor and those with preterm pre-labor rupture of membranes.
Continuous variables were summarized by the median and interquartile range (IQR) and categorical variables were presented in numbers and percentages (%). 
Comparison between the outcome groups was by
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Results
Maternal characteristics in cases and controls are compared in Table 1 . We matched for cervical length and gestational age at cervical assessment. In both the cerclage and control groups the distribution of the pre-operative cervical lengths was: 0 case <5mm, 9 cases 5-9 mm, 24 cases 10-14 mm, 5 cases 15-19 mm, and 2 cases 20-24 mm. One case had cerclage placement at a 23 mm cervical length because it was identified at 16
week and there was a history of a prior spontaneous preterm birth.
Perinatal outcomes in the cases and controls are described in Table 2 . In both cases and controls all babies survived. In the cervical cerclage group, compared to controls, there was significantly lower rate of spontaneous birth at <32 weeks and higher gestational age at birth and birth weight of both twins. In addition there were significantly lower rate of spontaneous birth <34, <30 and <28 weeks' gestation in the cerclage treated group. There were no differences between the groups in rates of spontaneous labor/preterm premature rupture of the membranes or no labor. The difference in birth at 32 weeks represented a 60% reduction in the cerclage group (relative risk, 0.40; 95% confidence interval 0.20 -0.80).
In the prediction for spontaneous delivery at <32 weeks, logistic regression analysis demonstrated that the risk was reduced by the insertion of cervical cerclage (odds ratio 0.22, 95% CI 0.058-0.835, P=0.026), corrected for maternal age, body mass index, racial origin, smoking, in-vitro fertilization, parity and prior preterm delivery.
In the Kaplan-Meier analysis (Figure 1) , the cumulative percentage of patients who did not give birth spontaneously before 32 weeks' gestation was significantly higher
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Discussion
This retrospective cohort study in DC-DA twins with short cervix has shown that cervical cerclage was associated with a 60% reduction in the rate of spontaneous birth <32 weeks' gestation. These results are consistent with those of a recent retrospective cohort study in twins with cervical length ≤15 mm at 16-24 weeks' gestation which also showed benefit from cerclage placement with a reduction in the rate of spontaneous birth at <34 weeks by 49%. 11 These findings are in marked contrast to the findings of the IPDMA on three RCTs on the use of cervical cerclage for short cervix in twins, which reported no impact on rate of spontaneous birth at <34 weeks. 10 The strengths of the study include firstly, the relatively large cohort of DC-DA twins with short cervix consecutively treated with cerclage by two physicians at one center who used a standardized pre-operative protocol and cerclage procedure, good matching with a group of controls that were managed expectantly, and the methodology for cervical length measurement was standardized.
The main limitation of the study arises from its retrospective nature and that it was not a randomized trial. Cases were selected from several European RCTs and we attempted to reduce potential bias by ensuring similar demographic characteristics with controls. There may have been differences in the care of the cases and controls, other than the use of cerclage, which could have affected perinatal outcome. However, there were no known effective therapies to reduce spontaneous early preterm birth in twins during the study period. Despite the matching process there were dissimilarities in maternal characteristics between the cases and controls. We have addressed this Accepted Article limitation by performing a logistic regression analysis to demonstrate whether the risk for spontaneous delivery at <32 weeks was reduced by the insertion of cervical cerclage, corrected for maternal age, body mass index, racial origin, smoking, in-vitro fertilization, parity and prior preterm delivery. Finally, we did not report on neonatal morbidities and therefore could not assess the impact of cerclage on these perinatal outcome measures.
We presented a clinical and surgical approach associated with a better perinatal outcome than controls. As a result twins with a short cervix were identified who responded favorably to cerclage placement. It is our hope that the approach described can help in the design of RCTs. We suggest that women randomized to the cerclage group should undergo the described clinical approach and if the results are not satisfactory they should not be offered the procedure. Deviation from this approach may actually conceal cerclage benefit. If the proportion of appropriately chosen cases are less than those that should not be surgically treated it could give the impression that cerclage is of no benefit or harmful. This may explain the difference in outcome from this study and the meta-analysis report on the RCTs on the use of cerclage in twins. 8 Our study findings along with of those of Roman et al 11 provide evidence that the use of cervical cerclage for twin pregnancies with short cervix can potentially reduce spontaneous early preterm birth. Ultimately, the results require confirmation from prospective RCTs. We have provided information on cervical length assessment, preoperative assessment and decision-making, and cerclage technique to assist in the development of such a trial. Results presented in n (%) or median (interquartile range).
SPTB -spontaneous preterm birth
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Accepted Article Table 2 . Perinatal outcomes in the cases and controls.
Perinatal outcome variable
Cervical cerclage 
